Cities with different functions show variable thermal patterns. This study directs at horizontal contrasting the heat island effect of cities and towns in the same latitude. The data source was Landsat TM, by which the thermal infrared bands is used with the algorithm of ARTIS inversion of Heilongjiang Province to acquire the surface temperature of Ha-Qi different types of cities in 1995(1989), 2006 and 2010. In this paper we analyzed the land surface temperature(LST) of temporal, spatial and regional. The results show that a high zone is mainly centralized in the old city and industrial zone. Impervious surface increase leads to temperature rise. Relatively high and low zone fluctuation is due to human activities influence. Climate is one of the key factors to affect the LST, such as precipitation and drought. Through the analysis of urban thermal environment, the process of urbanization can be monitored, to provide accurate information for the quality evaluation of urban thermal environment and heat source survey.
Introduction
Since the policy of reform and open door in 1980's, China had accelerated the process of urbanization. The urban heat islands (UHI) effect becomes the focus of scholars. The larger the city scale, the more obvious heat islands effect, and heat islands intensity is greater [1.2] . It was well documented that with the rapid urbanization and population growth, increasing in built-up land and replacing of nature lands with artificial buildings altered surface energy budgets, the hydrological cycle, and could affect local, regional and global climate by changing the surface physical properties [3.4] . Urban expansion has a close relationship with the heat island effect, the thermodynamic characteristics of the underlying surface of the urban region has been largely changed, which also has a certain impact on the global temperature rising [5.6] . Currently studies on UHI effect with remote sensing (RS) for the spatial and temporal scales evolution and distribution law becomes attention hotspot, which mainly pays attention to dynamic change of heat island intensity such as day-night, seasonal distribution as well as spatial distribution [7] [8] [9] [10] . However, the analysis of regional difference has not attracted a sufficient attention. The development of Ha-Da-Qi Industrial Corridor and urbanization has had a profound impact on urban climate and ecological environment [11] . This paper applied Landsat TM as the basic data source, with the help of remote sensing and geographical information system (GIS), and calculated the land surface temperature (LST) of different functional cities. Harbin and Qiqihar (Ha-Qi) in Heilongjiang Province was used to investigate city's heat islands effect and the spatiotemporal distribution of thermal environment. Two cities can learn from each other by comparing the thermal environmental differences, which provides technical support during the city's construction of ecological environment.
Study area
Harbin is located in the belt within 125°42′E to 130°10′E and 44°04′N to 46°40′N, the capital of Heilongjiang Province. It lies in the east of Songnen Plain, Songhuajiang River winds through the central part of city. Harbin covers an area of 53,100 km², with a total of 587.39 million residents. The annual average temperature is 3.2℃, annual precipitation is 400-600 mm. The industrial structure ratio is 14.9:36.8:48.3.
Qiqihar is located in the belt within 123°33′E to 124°28′E and 47°00′N to 47°52′N, the second largest city of Heilongjiang Province, and laid in the Midwest of Songnen Plain. It covers an area of 43,000 km², with a total of 143.9 million residents. The annual average temperature is 3.2℃, annual precipitation is 415 mm. The industrial structure ratio is 24.11:36.55:39.34. 
Study method

Data and methodology
Retrieval of land surface temperature
 Radiation brightness temperature calculation
Where L  is the radiance of the thermal band pixels, gain is the slope of the radiance/DN conversion function, and offset is the slope of the radiance/DN conversion [12] [13] . DN is the digital number of Landsat TM thermal TIR band. Both 
 Land surface temperature calculation
The temperature values obtained above were referenced to a black body, which is quite different from the properties of real objects. Therefore, the emissivity corrected LST was computed as follows: [14] .
 Surface emissivity calculation In this study, NDVI between 0.157 and 0.721 can use the equation to calculate surface emissivity:
. And built-up area, water bodies were given the values of 0.923 [15] , 0.9925 [16] , respectively.
Standardization of LST
This paper adopts the robust statistics method to divide the temperature interval, and extract the mean value and standard deviation of the whole region. LST is divided into 5 grades, including high, relatively high, medium, relatively low, and low, respectively. Figure 3 shows LST of Harbin during 1995-2010. It is clear that spatial extents of urbanization varied significantly among the heat island zone. Most high zone laid in bustling commercial area and high population density areas, industrial heat emissions and along the railway together with the University City construction, transformation of villages which made impervious surfaces, such as cement roads, squares and buildings replace the surrounding green to lift atmospheric temperature. Green construction planning also makes the center part of the high zone and the concentration of heat island decrease. Due to the large scatter, relatively high zone distributed at the high zone, which is mainly found on road side, small residential area and fringe area. The high zone decreased in 2010 which was the result of residential green and shadow area caused by high-rise buildings increased. Medium and low zone was mainly distributed in the banks of river, suburban, small farms and compared with relatively high zone around. Low zone of urban appeared in larger green area such as Botanical Garden, Zhaolin Park, Children's Park, Jianguo Park and both sides of the river. The overall relatively low zone distributed in rivers, paddy fields, large vegetation cover area.. 
Results and discussions
Temporal changes of the LST
Spatial pattern of LST
Spatial pattern of the LST in Harbin.
Regional collation of LST in Ha-Qi.
With the rapid urban development and expansion in 15 years, we can see from figure 1 and figure 2 that high zones in Harbin and Qiqihar were all greatly increased, and they concentrated in the built-up city. The area of medium zone in Harbin had an increase trend, but it was opposite in Qiqihar. The reason for the reverse trend is that Harbin government focuses on city ecological construction which can transfer medium zone to low zone, but Qiqihar pays more attention to the economic development that may lead low to medium zone. Low zone mostly composes of water and larger vegetation coverage area. The rising of Water level in Songhuajiang River caused low temperature zones of Harbin increase in 2010. Qiqihar low zone's reduction in 2006 is the result of drought. Figure 3 and figure 4 exhibit the relationships between Harbin and Qiqihar. UHI of Harbin expansion is obvious; first of all it develops to southeast, then to north. The expansion of UHI is similar to urban planning of Harbin from 1996 to 2000: urban land develops to south and southeast, forming a palm type extension and group layout. While Qiqihar borders Nenjiang River to the west and 015 National Highway to the north, which will force the development to the south and east. UHI has the same trend with it. Both of the two cities are the start-terminal point of Ha-Da-Qi Industrial Corridor, and the main body of urban economy is industry which mostly in the high zone. UHI of Harbin in 2010 is more fragmentized, while Qiqihar is agglomerative. We should pay more attention to ecological construction in the future.
Conclusions
UHI effect concentrated in built-up area in Ha-Qi, which was significantly enhanced and expanded in 15 years. High temperature zones mainly centralized in the old city and industrial zone. Increasing impervious surface leads to temperature rise. High and low zone fluctuation is due to human activities influence. The fluctuations of two cities are not the same because of different development strategy. Climate is one of the key factors affecting the LST, such as precipitation and drought. Low zone increased in 2010 of Harbin is caused by the rise of water level of Songhuajiang River and decreased in 2006 of Qiqihar is for drought. Water can alleviate the heat island effect.
Temporal and spatial variation of thermal environment is thoroughly analyzed by using standardization method and two cities are comparable. Finally, it is noted that the Landsat TM data has provided useful information for studying on UHI, but some limitation inevitably arose due to temporal and spatial discontinuities of satellite data as well as simultaneously measured LST and air temperature data when the satellite pass over. Thus, MODIS LST product should be beneficial to compare and revise the land surface temperature, which will be the next step work.
